AbstrACt
Objective To measure the paediatric user and prescription prevalence in inpatient and ambulatory settings in South Korea, Hong Kong, Taiwan, Japan and Australia by age and gender. A further objective was to list the most commonly used drugs per drug class, per country. Design and setting Hospital inpatient and insurance paediatric healthcare data from the following databases were used to conduct this descriptive drug utilisation study: (i) the South Korean Ajou University School of Medicine database; (ii) the Hong Kong Clinical Data Analysis and Reporting System; (iii) the Japan Medical Data Center; (iv) Taiwan's National Health Insurance Research Database and (v) the Australian Pharmaceutical Benefits Scheme. Country-specific data were transformed into the Observational Medical Outcomes Partnership Common Data Model. Patients Children (≤18 years) with at least 1 day of observation in any of the respective databases from January 2009 until December 2013 were included. Main outcome measures For each drug class, we assessed the per-protocol overall user and prescription prevalence rates (per 1000 persons) per country and setting. results Our study population comprised 1 574 524 children (52.9% male). The highest proportion of dispensings was recorded in the youngest age category (<2 years) for inpatients (45.1%) with a relatively high user prevalence of analgesics and antibiotics. Adrenergics, antihistamines, mucolytics and corticosteroids were used in 10%-15% of patients. For ambulatory patients, the highest proportion of dispensings was recorded in the middle age category (2-11 years, 67.1%) with antibiotics the most dispensed drug overall. Conclusions Country-specific paediatric drug utilisation patterns were described, ranked and compared between four East Asian countries and Australia. The widespread use of mucolytics in East Asia warrants further investigation.
IntrODuCtIOn
An important step to facilitate the rational use of drugs in paediatric populations is to investigate drug utilisation patterns. 1 Observational data in the form of electronic health records (EHR) and insurance claims data, real-life data, have been used successfully to investigate the use of drugs in children. [1] [2] [3] European studies on paediatric drug strengths and limitations of this study ► We conducted the largest Western Pacific paediatric drug utilisation study to date using a Common Data Model, which allowed us to rank the user and prescription prevalence of 15 different drug classes in South Korea, Hong Kong, Taiwan, Japan and Australia. ► Our comprehensive overview of country-specific pharmacological agents used in both an ambulatory and inpatient setting, by gender and age, included data of 1 574 524 children and identified important differences in drug paediatric utilisation patterns. ► Despite the differences in databases in terms of setting and study populations, we believe our overview of prescription patterns and rankings is an important step to further investigate and facilitate the rational use of drugs in paediatric populations in East Asia and Australia. ► Over the counter prescribing in individual countries was not captured and we may have underestimated the true drug utilisation of agents, such as paracetamol and some antihistamines. ► We collected data until the end of 2013 and acknowledge that, due to the rapid change in paediatric licensing of therapeutic agents, some of our findings might be worthwhile replicating with more current data.
Open access utilisation patterns have shown that the most commonly used drugs in European children include anti-infective, respiratory and dermatological drugs and are largely prescribed off-label. 3 While drug-specific paediatric drug utilisation data from East Asian countries are available, [4] [5] [6] a comprehensive overview of the most commonly used drugs is currently lacking. The Asian Pharmacoepidemiology Network, the first multinational research network in Asia, in collaboration with the Observational Medical Outcome Partnership (OMOP) set up an initiative to convert domestic databases in Asian countries to a Common Data Model (CDM) to offer a multinational research infrastructure to facilitate studies. 7 8 We used this network of observational healthcare databases in South Korea, Hong Kong, Taiwan, Japan and Australia to measure and compare the prevalence of drug prescribing in East Asian and Australian children. Our primary aim was to measure the paediatric user and prescription prevalence in inpatient and ambulatory settings in the five aforementioned countries by age and gender. A further objective was to list the most commonly used drugs per drug class, per country, in both an inpatient and ambulatory setting.
MethODs

Data sources
We conducted a drug utilisation study using paediatric patient populations from the following databases: (i) Ajou University School of Medicine (AUSOM) from South Korea; (ii) the Hong Kong Clinical Data Analysis and Reporting System (CDARS); (iii) the Japan Medical Data Center (JMDC); (iv) Taiwan's National Health Insurance Research Database (NHIRD) and (v) the Australian Pharmaceutical Benefits Scheme (PBS). All data were anonymised to protect patient confidentiality.
All five countries have universal healthcare systems and none of the databases include information on patients using private healthcare. 7 The South Korean and Hong Kong databases, AUSOM and CDARS, collect and archive the EHR of hospital inpatients. Briefly, AUSOM is an EHR database of a Korean teaching hospital providing both secondary and tertiary care, with 1096 patient beds and 23 operating rooms with data for over 2 073 120 individuals, collected since 1994. By contrast, CDARS contains secondary care data from all public hospitals in Hong Kong and their associated ambulatory and primary care clinics since 1995. [9] [10] [11] The database was developed and is maintained by the Hong Kong Hospital Authority, a statutory body providing healthcare services available to all Hong Kong residents (over 7 million) and covering about 80% of all hospital admissions.
The Japanese, Taiwanese and Australian data were extracted from insurance research databases. The Japanese JMDC comprises data from 60 Society-Managed Health Insurances covering workers aged 18-65 years and their dependents (children and elderly). 12 The monthly claims data are derived from claims issued by clinics, hospitals and community pharmacies from July 2009 onwards. Australian data consist of national pharmacy claims data from the Australian Government Department of Human Services which provides information of medicines subsidised and dispensed under the Pharmaceutical Benefits Scheme. PBS data are collected from pharmacies and private hospitals, and discharge or outpatient dispensing from public hospitals, but do not include inpatient public hospital prescriptions. From Taiwan, we extracted reimbursement data from the Bureau National Health Insurance (NHI) system, which has registered all medical claims since 1995. More than 99% of the citizens of Taiwan are enrolled in the NHI, which offers mandatory and comprehensive medical care coverage to all Taiwanese residents.
Information on specific indications of drug use was not available in the datasets from Hong Kong, Taiwan and Japan. Further details of each database have been described elsewhere. 13 
Data collection
For this retrospective descriptive study, we identified children, 18 years or younger, with at least 1 day of observation in any of the respective databases. The follow-up period for all children started in January 2009 or the start date of observation, whichever was last. Follow-up ended in December 2013, the last date observation or the date a child turned 18, whichever was first. Specifically, observation time was defined as: 1) the start of the first visit (inpatient, outpatient or emergency room) to the end of the last visit for the Korean AUSOM database; 2) the date of birth until death in the Hong Kong CDARS database and 3) the insurance enrolment date in the Japan JMDC, Taiwan NHIRD and Australian PBS. Data were available from the end of 2009 onwards for the Japanese JMDC and until December 2011 for the Taiwanese database (NHIRD). We used randomly selected samples from CDARS, NHIRD and PBS as only ~10% of the total data were made available for research.
Data extraction
Data extraction, a population file with information on demographics and dispensing records, was performed through a shared analysis programme combining R and SQL. This programme was distributed to the data partners, executed locally against the data in OMOP CDM format and results were returned to the central coordinating site (University of Hong Kong). Both the extraction software and the analysis code are available as open source: https:// github. com/ OHDSI/ StudyProtocols/ tree/ master/ DrugsInPeds Each database's full set of drug codes were mapped to RxNorm concepts using a semi-automated process; using known ATC codes for each code, a set of one or more RxNorm ingredients was identified based on the OMOP Standardised Vocabularies link between ATC and RxNorm. In case of ambiguity, manual adjudication was used to select the appropriate RxNorm ingredient. (6) 18 (10) 72 (8) Anti-infectives (excluding antibiotics and vaccines)
Open access
Anticlotting and antifibrinolytic agents
Psychotherapeutic agents
Antineoplastic and immunomodulating agents
Central nervous system stimulants
*Custom classification, see online supplementary material 1. †For all 15 different drug classes, the prevalence per 1000 persons was calculated as % of the total country-specific user prevalence (class-specific user prevalence/total user prevalence). ‡For all 15 different drug classes, the prevalence per 1000 persons was calculated as % of the total country-specific prescription prevalence (class-specific prescription prevalence/total prescription prevalence). AUSOM, the South Korean Ajou University School of Medicine; CDARS, the Hong Kong Clinical Data Analysis and Reporting System; JMDC, the Japan Medical Data Center ; NHIRD, Taiwan's National Health Insurance Research Database; NSAID, non-steroidal anti-inflammatory drug.
Structured information on strength and formulation was used to further link drug codes to RxNorm clinical drugs (eg, 'Paracetamol 100 mg Oral Tablet'), although this more granular information was not used in this study.
Patient and public involvement
We did not involve patients or the public in our work.
statistical analysis
Total follow-up time was calculated for each child, stratified by age group and by calendar year. Age was assessed on a day-by-day basis, and grouped according to the guidelines of the International Conference of Harmonization as <2 years, 2-11 years and 12-18 years. 14 Drugs were classified according to a custom-defined drug classification (online supplementary material 1). This classification was based on pharmacological class, and where appropriate aggregated further by indication. For each drug class, we assessed the overall user and prescription prevalence rates (per 1000 persons) per country and setting (inpatient or ambulatory) by counting the number of children using or number of dispensings of a specific drug (numerator). We used the total person count per database and per setting (inpatient or ambulatory) as the denominator to calculate prevalence rates. If a person was observed for at least 1 day in a particular category (eg, age group), that person was counted in the denominator for that category. Over the study period, and within a calendar year, children could contribute to more than one age category. For all 15 different custom drug classes the prevalence per 1000 persons was calculated as the percentage of the total country-specific user prevalence (class-specific user prevalence/total user prevalence). Lastly, we identified the five drugs with the highest user prevalence (per 1000 persons) per drug class in each country.
results study population Our dynamic study cohort comprised 1 574 524 children (52.9% male). The total number of follow-up years was
Open access (2) 117 (7) Antineoplastic and immunomodulating agents
Anticlotting and antifibrinolytic agents user and prescription prevalence The recorded user and prescription prevalence of all therapeutic agents was lower in the inpatient population than the ambulatory population (tables 2 and 3).
Analgesics (including non-steroidal anti-inflammatory drugs) had the highest user prevalence in Korea, Hong Kong and Taiwan in the inpatient setting, however, antibiotics had the highest prescription prevalence in most countries (Hong Kong, Japan and Taiwan). In the ambulatory setting, antibiotics had the highest user prevalence in all countries, however, the highest prescription prevalence differed across countries. In Japan, the highest prescription prevalence was recorded for corticosteroids, while in Taiwan the highest prescription prevalence was for antihistamines and lastly, in Australia the highest prevalence was recorded for antibiotics.
Inpatient user and prescription prevalence
Overall, the inpatient user prevalence of analgesics and antibiotics was high relative to the user prevalence of other agents in all countries (table 2) . Adrenergics, antihistamines, mucolytics and corticosteroids were used in 10%-15% of patients while the remaining categories of medicines were used in <5% of patients. The user prevalence of mucolytics in Korea and Japan was high compared with the user prevalence of other agents. Inpatient prescription prevalence for different classes of agents showed patterns similar to those seen for the user prevalence. For paediatric inpatients, overall medication use was highest in males (online supplementary material 2). The use of contraceptives, antidiabetic, psychotherapeutic, antineoplastic and immunomodulating agents was more common in females.
Open access
Results stratified by age show that the inpatient use of drugs was highest in the youngest age group (<2 years) in all but four classes (contraceptives, antidiabetic, psychotherapeutic, antineoplastic and immunomodulating agents) (figure 1).
Ambulatory user and prescription prevalence
The paediatric use of different classes of drugs in an ambulatory setting was measured in Japan, Taiwan and Australia (table 3) . The highest ambulatory user prevalence across all drug classes was country specific with antibiotics ranked high in Japan (22%) and Australia (46%), followed by corticosteroids (20% and 23%, respectively). In Taiwan, the highest user prevalence of any drug class was measured for analgesics (17%), closely followed by antihistamines (16%). The pattern of inpatient prescription prevalence for different classes of agents was similar to the pattern seen for the user prevalence. A very low prescription prevalence of anti-infectives (not including antibiotics) was measured in all countries.
The ambulatory dispensing of drugs stratified by gender showed fewer differences between males and females in all databases (figure 2). In contrast to the gender difference seen in an inpatient setting, the ambulatory use of antibiotic agents, antihistamines and corticosteroids was higher in females.
The user prevalence by age showed a very different pattern when compared with inpatient use: the use of most drugs, by class, was highest in the middle age category (2-11 years) in Japan and Australia (online supplementary material 3). For Taiwan, the highest use for many drug classes was measured in the youngest age category. The use of contraceptives, antidiabetic, psychotherapeutic, antineoplastic and immunomodulating agents was highest in the oldest age group across all three databases.
Most commonly used drugs by class in an inpatient setting
Paracetamol was the most prevalent analgesic used in all countries, however, the prevalence of paracetamol users differed across countries with Hong Kong and Japan using mostly paracetamol while Korea and Taiwan had a greater spread of analgesic product use (table 4). Phenobarbital was the most prescribed antiepileptic agent in three countries and the second most prescribed antiepileptic agent in Taiwan. Chlorpheniramine was one of the most used antihistamines in all countries with the exception of Japan.
Differences in the most used paediatric drugs in an inpatient setting were seen for drugs with a high user Open access prevalence overall, such as antibiotic and adrenergic agents. An outlying pattern of the user prevalence for specific agents was seen in South Korea: the most used antibiotic (ceftriaxone) and adrenergic agent (formoterol) in Korea were not among the five drugs with the highest inpatient user prevalence in any of the other East Asian countries. Furthermore, the most used mucolytic (bromhexine) and corticosteroid (dexamethasone) in Korea were less frequently used in other countries.
Most commonly used drugs by class in an ambulatory setting
As in the inpatient setting, the most used analgesic in an ambulatory setting in Japan, Taiwan and Australia was paracetamol (table 5) . Overall, more similarities in the most commonly used drugs per custom-defined drug class were seen between Japan and Taiwan. For antibiotic agents, the use of amoxicillin, cephalexin and erythromycin was very similar in Taiwan and Australia. For other drug classes there was less overlap.
DIsCussIOn
To our knowledge, this is the first comprehensive overview of paediatric drug use in Korea, Hong Kong, Japan, Taiwan and Australia. This study has shown a high inpatient user prevalence of analgesics and antibiotics relative to the user prevalence of other drug classes. The highest ambulatory user prevalence across all drug classes was country specific with antibiotics and corticosteroids ranked high in Japan and Australia. In Taiwan, the user prevalence of analgesics was highest followed by antihistamines. Mucolytics were among the most frequently used drugs in Korea, Japan and Taiwan, but not in Hong Kong and Australia. For paediatric inpatients, medication use was highest in males and the lowest age category (<2 years), while for outpatients gender differences were less pronounced and medication use was highest in children aged 2-11 years in Japan and Australia.
Comparison with literature
While we used a custom therapeutic classification and not ATC classification, the most commonly used drugs in every class were compared with those as reported by Sturkenboom et al. 3 Overall, the choice of specific paediatric therapeutic agents differed widely between the aforementioned three European countries and the East Asian countries in our study. Exceptions were similarities in the use of amoxicillin, salbutamol and paracetamol. The inpatient study results (tables 2 and 4) were compared Open access 2 As in our study, antibacterials and analgesics were the two most used therapeutic groups in all five countries. National Korean outpatient data on paediatric polypharmacy show that in paediatric users of two or more drugs (younger than 12 years), respiratory agents are most often prescribed, followed by drugs to treat allergies, central nervous system agents and antibiotics. 5 While our study was not directly comparable as we had information on Korean inpatient dispensings only, our Taiwanese outpatient data showed a high ambulatory use of analgesics and antihistamines, while Australian and Japanese data showed a high ambulatory use of antibiotics and corticosteroids.
Open access
Implications for practice and policy: paediatric licensing of drugs in the Western Pacific region National agencies responsible for regulating therapeutic goods often base their regulations on international guidelines, especially for new drug licensing. 15 16 For instance, in Korea it is not obligatory to carry out clinical trials for paediatrics and to develop paediatric drugs at present, while various support policies are being developed in recognition of the need for the development and provision of information on paediatric drugs (S. Cho, 2017, Open access personal communication). Out of the five countries included in this study, Japan is the only country with a specific paediatric working group within the Pharmaceuticals and Medical Devices Agency. 17 Results of the current study suggest that the extent to which international paediatric prescribing guidelines affect local prescribing practices differs from country to country. For instance, our study, in line with other studies, shows the widespread of mucolytics in children in Korea, Japan and Taiwan. 6 This is a finding of note as in 2010 several European drug agencies withdrew the licences for carbocysteine and acetylcysteine for children younger than 2 years of age because their use was associated with worsening of respiratory tract infections. 18 More recently, the European Medicines Agency (EMA) published a revised assessment report on products containing ambroxol and bromhexine in which the use of these products in children below <2 years of age is discouraged. 19 Our study showed that the use of mucolytics was very high in the youngest age group in all countries but Hong Kong and Australia.
Another drug that is contraindicated for use in children in some European countries is tulobuterol. This drug, a β2agonist, is licensed in seven countries worldwide for childhood asthma. 20 21 In 2010, the EMA refused a paediatric investigation plan for tulobuterol and granted a waiver (restricting potential use to patients>18 years) as tulobuterol was considered likely to be ineffective or unsafe in the paediatric population. 22 Yet, in this study tulobuterol was the most used adrenergic agent in an outpatient setting in Japan with 74% of all tulobuterol prescribed as patches (hokunalin tape) and the remaining 26% prescribed as a liquid (oral).
A further finding of note was the relatively common ambulatory use of dihydrocodeine in Japan and codeine in Taiwan and Australia. Both codeine and dihydrocodeine are morphine derivatives and are contraindicated for use in children younger than 12 in Europe since 2013. 23 This is mainly due to the unpredictable metabolism of codeine to morphine. 24 At the time of data collection (2009-2012), Australia already had prescribing guidelines in place in which it was recommended to restrict the use of codeine in children under 12 years.
Lastly, we found that sulfamethoxazole is still one of the most used antibiotic agents in Taiwan. In many European countries, including the UK, the importance of the sulfonamides has decreased as a result of increasing bacterial resistance and their replacement by antibacterials which are generally more active and less toxic. 25 strengths and limitations We conducted the largest Western Pacific paediatric drug utilisation study to date. Data extraction was performed through a shared analysis programme and a standardised analysis process was applied to all databases. Using a CDM, and CDM vocabulary concept identifiers, we were able to use standardised drug codes across countries which allowed us to rank the user and prescription prevalence of 15 different drug classes in 5 different countries. We found some important similarities and differences in country-specific drug utilisation patterns between Korea, Hong Kong, Japan, Taiwan and Australia.
It is important to highlight that our study did not aim to directly compare the drug prevalence rates between the countries in this study, rather we aimed to provide a comprehensive overview of the country-specific pharmacological agents used in both an ambulatory and inpatient setting by gender and age. Differences in user and prescription prevalence patterns between the five countries in our study may reflect differences in the underlying prevalence of diseases, differences in physician prescribing behaviour and differences in medicine availability and data capture. Like other drug utilisation studies using EHR, we could not distinguish between these. Additionally, as medical indications were not available in all data sets we were unable to report the reasons for prescriptions. We acknowledge that this limits the clinical interpretation of our data. Formularies were different across countries as well, particularly with regard to which medicines were subsidised in the data and for which indication. It is also worth noting that we did not distinguish between formulations and we recognise that this limits the clinical interpretation of our data. Lastly, the five databases captured different source populations.
Despite the differences in databases in terms of size, setting and study populations, we believe our overview of prescription patterns and rankings is an important step to further investigate and facilitate the rational use of drugs in paediatric populations in East Asia and Australia. Standardising medication use across countries will help when implementing adverse event monitoring programmes across the region.
Over the counter (OTC) prescribing in individual countries was not captured and we may have underestimated the true drug utilisation of agents, such as paracetamol and some antihistamines. OTC prescribing is most likely to have affected any ambulatory drug utilisation estimates.
Future studies could be conducted using the current dataset in OMOP CDM format to capture any changes in paediatric drug dispensing over time. We collected data until the end of 2013 and acknowledge that, due to the rapid change in paediatric licensing of therapeutic agents, some of our findings might be worthwhile replicating with more current data.
COnClusIOn
Country-specific paediatric drug utilisation patterns were described, ranked and compared between four East Asian countries and Australia. The widespread use of mucolytics in East Asia and the use of tulobuterol in Japan warrants further investigation.
